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Abstract. Cross section measurements of the exclusive p{e,e' K^)A, electroproduction reactions have 
been performed at the Mainz Microtron MAMI in the Al spectrometer facility using for the first time the 
Kaos spectrometer for kaon detection. These processes were studied in a kinematical region not covered 
by any previous experiment. The nucleon was probed in its third resonance region with virtual photons of 
low four-momenta, = 0.030-0.055 (GeV/c)^. The MAMI data indicate a smooth transition in from 
photoproduction to electroproduction cross sections. Comparison with predictions of effective Lagrangian 
models based on the isobar approach reveal that strong longitudinal couplings of the virtual photon to the 
N* resonances can be excluded from these models. 
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1 Introduction tromagnetic kaon production in the so-called third reso- 



nance region, many resonances contribute, which presently 
cannot be described uniquely by a single model. 

In the one-photon exchange approximation for electro- 
magnetic scattering of unpolarized electrons off unpolar- 
ized target nucleons with coincident kaon detection the 
virtual photoproduction cross section can be expressed as 



The Mainz Microtron MAMI at the Institut fiir Kern- 

physik in Mainz is an accelerator to study hadrons with 

the electromagnetic probe 1'. The exclusive production 

of mesons by electron and photon beams impinging on 

liquid hydrogen targets has been proven to be a valuable 

tool for investigating the hadronic structure of the nu- 

cleon. At the energy scale of the nucleon mass, hadrons _ „ i ^„ i /oTTTjTTT^ ^ 

' df]'^"^ — (tt + £ (Tl + \/ ^£(£ + ij cttl coscpK 

are complex systems, whose description by fundamental 

-I- £ cttt cos , (1) 

equations for the dynamics of asymptotically free quarks 

and gluons is complicated by the non-perturbative nature where the terms indexed by t, l, tl, tt are the transverse, 
of QCD. Instead, a successful description of these reac- longitudinal and interference structure functions that de- 
tions has been obtained with hadronic field theories. The pend on the virtual photon's four-momentum and the 
approach is based on effective degrees-of-freedom, where hadronic energy W, and (pK is the angle between the 
mesons and baryons are treated as fundamental objects electron-scattering and hadron-production planes. This ex- 
which interact with one another, characterized by proper- pression shows the close connection between electro- and 
ties such as mass, charge, spin, parity, form factors, and photoproduction. At MAMI the transitional region at < 
coupling constants. Studies of strange final states provide 0.5 (GeV/ c)^ is accessible with virtual photons that are po- 
additional information on the baryonic resonances. larized with a degree-of-polarization e. Longitudinal and 
In one particular type of effective Lagrangian model, longitudinal-transverse interference structure functions are 
commonly referred to as the isobar approach, the reac- accessible only in electroproduction experiments. Ahhough 
tion amplitude is constructed in the lowest-order (tree not necessarily being small they are suppressed in the to- 
level) assuming Born terms and exchanges of various nu- tal cross section through a factor Q^/w^, with u being 
cleon, hyperon, and meson resonances in the s-, u-, and the photon energy. The cttt and or structure functions 
^-channels, respectively. Many such models use the single- are related to the polarized photon asymmetry U, that 
channel approach, in which final-state interactions are ne- could be measured in photoproduction experiments with 
glected. Their copious apphcations into the strangeness real polarized photons, by the relation U = -cttt((3^ 
sector started in the 1980s, e.g. 0[31I1[51IS] . For the elec- 0)/crT((3^ 0). The transverse-transverse interference struc- 
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tive to compare the electroproduction cross section at very foil. A current of 1-4 fiA was rastered with a few kHz in 
low directly to unpolarized photoproduction. For real the transverse directions with an amplitude of ± 5 mm in 
unpolarized photons and unpolarized target nucleons only order to avoid local boiling of the liquid. The scattered 
the transverse structure function remains. electrons from the p{e, e' K^) reaction were detected in 
In order to provide a comprehensive understanding SpekB, one of the high-resolution magnetic spectrometers 
of the elementary kaon production reaction, large kine- of the Al collaboration's spectrometer facility [H], and 
matic coverage of experimental data on photo- and elec- the positive kaons in the Kaos spectrometer [13]. With 
troproduction is needed. Although recent electroproduc- its very compact design and a length of the central tra- 
tion measurements with high statistics have been per- jectory of only 5.3 m to the focal plane, the Kaos spec- 
formed at Jefferson Lab j71[51l^ [TIIllll| . the region of very trometer complements the facility in reactions with open 
small momentum transfers was up to now not covered strangeness. 

experimentally. A phenomenological extrapolation of the t ^ r ii ■ ^ i ii- ii ^ i 

^ ' ^ t> ^Yie expermicntal settmgs, the central mo- 

CLAS data from > 0.65 (GeV/c)^ to the photoproduc- , r i ncor^ ir/ j r ^-u i 

^ V / y If mentum tor the kaon arm was 0.53 GeV/c and for the elec- 
tion point at = leads to values of the transverse , n oor^ ^r/ j-- ^ n Ar: ^r/ 

^ tron arm 0.33GeV/c, respectively 0.45GeV/c. ihe cen- 

structure function (Tt systematically larger than the mea- , , , , i r ii i oi ro -^1 

J t> ^j.g^l spectrometer angle of the kaon arm was 31.5 with a 

sured values in photoproduction El . This unknown transi- , , ^ • ii i- • i r ninh 

^ ^ ' large angular acceptance m the dispersive plane of t)J^ = 

tional region is particularly interesting since predictions of m <oo rm i ^ ^ ^ n t ^ ^^ 

" ^ o -f 21-43 . ihe electron spectrometer was nxed at the mini- 
models for the separated cross sections differ significantly r j i r ninb i ro ii u ... , , 
^ o J mum forward angle ot ajf ~ 15 , thereby maximising the 

here, see e.g. Fig. 3 in TO). The goal of the first measure- ■ . t i, . a t^u r^uuiif 

J t> t> t — I t> virtual photon nux. ihe coverage oi the photon s tour- 

ment at MAMI was to probe the elementary reaction at ^ ^2 n non n ncc -\r/ \2 -ii ^ i 

^ momenta was Q-^ = 0.030-0.055 (GeV/c)^ with central 

small momentum transfers and to determine the angular , c ^2 n non j n mm /r^ ^ir/ \2 c -li -l i • 

^ values of Q"^ — 0.036 and 0.050 (GeV/c)-^ for the two kme- 

dependence of the electroproduction cross section in this j-i- rj^i j- j r i • j-- 

^ ^ matic settings, ihe corresponding degrees-oi-polarization 

kinematic region. n ^ j n c ^ * • -ti, 

" were e = 0.4 and 0.54. Photon energies, oj, were near the 

maximum of the kaon production cross section at 1.18 GeV 

2 Experiment o^j^^^ 1.04 GeV, exciting the hadronic system to invariant 

, • , J.1 1 . J r ^ rr energies = 1.75 GeV and 1.67 GeV. 

iirst experiments on the electroproduction ot kaons on " 

a liquid hydrogen target were performed in Mainz with Track determination is performed in SpekB by means 

an unpolarized electron beam of 1.508 GeV energy in the of two vertical drift chambers, and timing and trigger 

years 2008-9. The liquid hydrogen target cell was 11mm signals are provided by two segmented planes of plas- 

wide and 48 mm long with walls made of 10 fim thick havar tic scintillators immediately behind. A gas-filled threshold 
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Cherenkov detector is operated to provide a good separa- where the coincidence time was determined by using the 

tion between pions and electrons. To perform clean elec- reconstructed momentum and path length under the as- 

tron identification, a signal in the Cherenkov counter was sumption that a kaon or pion was detected. The flight time 

required. SpekB reaches a momentum resolution (FWHM) corrected for the expected kaon flight time, At^ , was re- 

of 6p/p < 10^^ and an angular resolution of better than quired to be within \At^\ < 1.2ns. The hadron arm trig- 

0.2mrad. ger was generated by a combination of the hits in the two 

T . 1 . , J. ; 1 J J.1 J. scintillator walls. Since the Kaos spectrometer was oper- 

In the Kaos spectrometer s hadron arm there are two ^ ^ 

, 1 ■ , on jji u ■ ated as a single dipole with open yoke geometry, a study 

segmented scmtiUator walls with 30 paddies each servmg at- t- j b j: j 

^. . , , ^ . 1 i i m li- was performed on the contributions from coincident parti- 
as timmg, energy loss, and trigger detectors, iwo multi- 

, . 1 , , 1- i 1 i i cles originating outside the spectrometer acceptance that 

wire proportional chambers serve as coordinate detectors o o t- t- 

,ir 11 Ajj-j_jj_r£c- i scattered into the detectors. These type of events were 

near the focal plane. A dedicated set of efnciency counters ^ 

1 ., , . i 1 • n: • ■ r ii 1^ J i eliminated by the tracking cuts, 

was built to measure tracking einciencies tor the abundant ■' ° 

pions and protons. The relatively large overlap between 

the liberated charges for these two particle species was 

used to extract the tracking efficiency for kaons. 

The intrinsic efficiency of a single MWPC was mea- 
sured to be better than 98 %. Track reconstruction efficien- The measured momenta of the kaon and the electron 
cies were dependent on beam intensity, being 75-90 % at allow for a full reconstruction of the missing energy and 
beam currents of 1-4 /xA |14) . To identify kaons in the mea- missing momentum of the recoiling system. The missing 
sured range of momenta from 0.4 to 0.7 GeV/c, energy loss mass spectrum of one data set is shown in Fig. [3] with 
and flight time were used. The signal amplitudes from the the mass resolution being sufficient to clearly separate A 
individual paddles were corrected for the reconstructed from S hyperons as the unobserved baryon in the reac- 
path length through the scintillator bulk material and the tion. Random background events, identified by two aver- 
light absorption inside. The specific energy loss corrected aged {e',K^) coincidence time sidebands and ~10% of 
for the expected kaon energy loss, AE^ , was required to coincidence background, were subtracted with the appro- 
be within \AE^\ < 640 keV. See Fig. [T] for the measured priate weights. The mass resolution was limited by the 
specific energy loss in one scintillator wall as a function uncertainties in the transfer matrix. For the A hyperons, 
of momentum after particle identification cuts. The coin- events were selected in the range 1.110 < Mx [GeV/c^] 
cidence time spectra after particle identification cuts for < 1.140, and for the 17° hyperons, events were selected in 
the p(e, e'i^+) andp(e, e'7r+) reactions are shown in Fig. [21 the range 1.185 < Mx [GeV/c^] < 1.220. 
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3 Cross Sections mined using the simulation package Geant4. The kaon sur- 
vival fraction varied between 0.2 and 0.35 for the range of 

The experimental kaon yield, Yr-, in the two channels can 

momenta detected. Fiducial cuts were applied in target 

be related to the cross section by 

acceptance to restrict events to a region where agreement 

^ J '""•'^ ^ dfl™^ ^ between the Monte Carlo code and the analysed data was 

Jr{Q^,W) f{Q^,W)ARdV , (2) excellent. 

114. i- To study the dependence of the measured cross section 
where 1 is dependent on purely electromagnetic prop- 

j , -J J u£i r • i 1 1 on the kaon center-of-mass (cm) angle, cos6'?J", the data 

erties and can be considered as a nux oi virtual pho- ^ ' ° ^ 

. „ ii i ii • i 1 1 i J was scaled to the center of the electron-arm acceptance, 
tons , so that the virtual photoproduction cross section, 

111 , ,j/^-,i • ill • through the introduction of a scaling function f(Q^,W) 

ay, could be extracted. L is the experimental luminosity ° ° j ^ / 

^ 1, ^ cc ■ ■ u jji- J inside the phase-space integral. The scaling minimized the 

that includes global emciencies such as dead-times and t- t- a o 

, ^ , , ^ ^. 1 ii i 1 • effects of non- uniform distribution within the W and 
beam current dependent corrections such as the tracking 

rn • ,1 • ii i r i- r ii • • i bius and the extracted cross sections can be accurately 
etnciency. A is the acceptance function of the coincidence 

n . i. , , T i- compared directly to theoretical calculations at the center 
spectrometer setup, H is the correction due to radiative 

, , 1 ii 1 1 i rni of each bin value. The scaling was performed with the pre- 

and energy losses, and aV the phase-space element, ihe at- 

, , J J ill • -i • nnnn r r- j-l dictioiis from isobaric models, see next Section for their 

accumulated and corrected luminosity m 2(JU9 was J Lat ^ ' 

oonnfu -1 Til 1 1 11 i J • nnno ■ description. The magnitude of the Scaling varied between 

2300 fbarn ^ . The kaon sample collected m 2008 was sig- ft, t, 

.„ i, T TLir ^ ^ ■ i i- r ii 0.85 and 1 . 15 with most of the cvcuts bciug scalcd by Icss 

mhcantly smaller, in a Monte Carlo simulation of the ex- " 

, , . i , 1 i 1 • ii than 5%. The studied isobar models predicted only small 
periment, the phase-space integral was evaluated m the 

volume AV = AQ^ AW AcI^kAQ'^^ with limits that ex- variations of the scaling function. The model dependence 

ij, jiii-i i Til i and the uncertainty introduced by the scaling were in- 
tended beyond the physical acceptances of the spectrom- j ^ 

„ ,. i- i- • n -111 T eluded in the estimate of the systematic uncertainties, 
eters. Radiative corrections m K were included according 

to [TS]. The solid angle acceptances for the electrons and At each kinematic setting, data were partitioned into 

kaons in the laboratory system were Q]^^ = 5.6 msr and several runs. The run-to-run variation of quantities like 

fl^^^ = 10.4 msr. The two different kaon momenta asso- dead-time, background particle yields, etc. was used as a 

ciated to A and Z"" hyperons were simultaneously within consistency check. The systematic uncertainty assigned to 

the momentum acceptance of the Kaos spectrometer. the absolute cross sections is 8% and is dominated by the 

The geometrical acceptance of the spectrometer setup, uncertainties in Kaos acceptance (5%), MWPC tracking 

the path length from the target to the detectors, kaon efficiencies (4%), analysis cut efficiencies (3%) and scaling 

decay in flight, and kaon multiple scattering were deter- model variation (2%). The beam current was measured 
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on the 1% level. Other studied sources of systematic un- that is found within the context of this model to con- 
certainties included kaon survival probability, kaon decay tribute in the s-channel of the K^A production. For S 
particle mis-identification, effective target length and tar- production the latter is replaced by the 5*31(1900) and 
get density fluctuations that introduced a systematic un- P3i(1910) Z\-resonances. Phenomenological form factors 
certainty on the percent level. These uncertainties are sig- are used at the hadron vertices to account for the high 
nificantly smaller than the statistical uncertainties in the energy region behaviour at > 1.9 GeV. No hyperon 
range of 10-25%. resonances are used in this model. Coupling constants are 

rrii 1 ,1 1 , J i- i- obliged to fulfill the constraints given by the 20% broken 

ihe elementary kaon electroproduction cross section " o j 

J i n/TAn/TT ■ 1 ■ i- ■ r 1 ^2 SU(3) symmetry. An interactive version of the model is 

was measured at MAMl m a kinematic region of low Q \ / j j 

, , . • i mi 1 available through the internet El and is referred to in this 

not covered by previous experiments, ihe measured an- " 

, j.rr ,-1 i 1 -rrr-i Tr J Icttcr as the Original Variant. The parameters of the model, 

gular dirterential cross sections at It = 1.75 GeV and ° ^ ' 

(Q2) = 0.036 (GeV/c)2 in the K+A and K+U" reaction "^^'"^^ ^"^^ necessary to extend the model to the electropro- 

, , 1 • TT m rnu J r -LU duction process, e.g. the longitudinal coupling constants, 

channels are shown m i ig. |4) 1 he magnitude of the cross > o o o i 

... T,i i u J- J J J- r j-u were fitted using the dependence between 0.52 and 

section IS comparable to photoproduction data from the b ^ t- 

SAPHIR m and CLAS [8.11^ measurements. Its angular ^-O (GeV/c)^ of the longitudinal and transverse cross sec- 

J J . , , n . • , 1 v^o 1 1 u tions measured at Jefferson Lab \T7\ . Another variant of 

dependence is almost nat m the K^L" channel whereas ' — ' 

• ii T^4- A ^ 1 ii 1 i 1 1 i 1 the model has been constructed, in which the strong lon- 

m the K^A channel the data reveals a moderate angular ' ^ 

J J 1 • 1 • • i i -ii 1 i J i- gitudinal couplings to N* resonances were removed. This 

dependence, which is consistent with the photoproduction ° f t> 

J , 1 -,1 1 • 1 r ii r-iT A o 1 i resulted in much smaller longitudinal contributions. In the 

data and with conclusions drawn from the GLAh electro- ° 

J J . In T TT rFi-Li j--£r -L- 1 variant labelled Pi 720 only the longitudinal coupling to the 

production data [9 . In iig.[5J the dirterential cross section j a t- o 

, , i i r /^2\ n nir / ir/ ^2 J ^13(1720) nuclcon rcsonaucc has been removed. Further, 

at larger momentum transfer [Q ) = 0.05 (GeV/c) and ^ ' 

1 , . /Tjrv 1 f--7/-i Tr- A u some inconsistencies in the convention for the amplitudes, 

smaller hadromc energy {W) — 1.67 GeV m the KA chan- ^ ' 

, . 1 in the electromagnetic form factors in the Born terms, 

nei IS shown. ° 

and in the couplings to spin-3/2 resonances have been cor- 



The MAMI cross section data in the two hyperon chan- 
nels is also compared to predictions from variants of the 
K-Maid model [6 and from the Saclay-Lyon model 4 . 
The K-Maid model includes the kaon resonances K*{890) 
and iiri(1270) in the t-channel, as well as four nucleon 
resonances, 5ii(1650), Fii(1710), Fi3(1720), and a less 
well known spin-3/2 and isospin-i/2 resonance near 1.9 GeV 



rected, resulting in minor changes to the predictions. This 
variant is referred to in this letter as the reduced variant. 
Finally, a new version of K-Maid is under construction, 
that uses very small longitudinal couplings |I8'. In this 
version four nucleon resonances, Di^{1675), I?i3(1700), 
Fi5(2000), and £'i5(2200) were added to those assumed in 
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the original version and the free parameters of the model kaon angles. These observations suggest a more complex 

were re-fitted to describe the new world data on the photo- dynamics of the K^A electroproduction process in the 

and electroproduction of kaons. This version is referred to transition region of < Q'^ < 0.5 (GeV/c)^. Moreover, var- 

as the extended variant. ious models have predicted different transitions between 

The version of the Saclay-Lyon model used in the de- the photoproduction point and the electroproduction cross 

scription of the data shares with K-Maid the same kaon section. 

resonances and the SU(3) constraints on the main cou- rr j.- uit^i^-j ij. 

^ ' Information could also be obtamed on the electromag- 

pling constants. The set of nucleon resonances differs from ,. t ^ i j ■ t n- fti ^ j 

^ ° netic couplmgs to hadromc resonances, in b ig.[7jseparated 

K-Maid and includes resonances with spins up to 5/2, see m. ,. ^ ^, • • 1 • 1 i 1 

^ i- / ' !— ! cross sections from the original K-Maid model are com- 

Instead of hadronic form factors the spin- 1/2 hyperon res- jj-iin^An^Tj^ i.- i. ■ r\2 c 

^ ' ^ pared to the MAMl data which covers a range m Q from 

onances Soi(1405), Pn(1660), Soi(1670) and Poi(1810) ^ o.055 (GeV/c)^. It was predicted that the longi- 

are used for counterbalancing the strength of the Born ■ i- 1 , -i j j ^ 

° ° tudmal contribution exceeded the transverse cross section 

terms through a destructive interference with these u- , ■ , 1 • 1 ■ i 1 i ^ i 

° which was explained m the model by a strong iongitu- 

channel resonances. For iiT+Z'" production, the P33(1232), , i- r 1 j- -c u j- j-u 

^ ' dmal coupling ot the electromagnetic held to the reso- 

P3i(1910), and P33(1920) Z\-resonances are added to those rr., ,• ■•^1,7 • j- iu 

' nances, ihese couplings are given m the Lagrangian at the 

given above. nucleon-photon-resonance vertices by a term that is pro- 



4 Discussion 



portional to . This effect is apparent especially in Fig. [7] 

e.t W — 1.67 GeV where the steep rise of the longitudinal 

mi 1 111 - Til i- • ii ■ ■ -i cross sections is due to the contribution from a strong lon- 

Ihe observed behaviour ot the cross section m the vicinity ° 

r,i 1, ji- -i- ■ J gitudinal coupling of the resonance Pi 3 (1720). In contrast, 

ot the photoproduction point is very important tor under- ° ^ o ±0 \ / i 

, ,. J . r , 1 models without longitudinal couplings predicted the elec- 

standmg dynamics ot the process. ° o r- 

mi Tvj^ATvj^T 1 i • 1- i ii i -^^ • ^? troproduction cross sections below the photoproduction 

Ihe MAMl data indicate a smooth transition m Q ^ t f 

r 1, ji-ili ji- i- data, which means that in these variants the total cross 
irom photoproduction to electroproduction cross sections 

r 1 ;i ,• 1 1 1 • T7- rzn rpi A o scctiou slowly varied with Q^. Also, the extended variant 

for both reaction channels as shown m 1" ig. |6) 1 he CLAb ^ ' 

1 , 1 • J i- • ii T^4- A ^ 1 of the K-Maid model reveals a rather flat dependence 

data on the unpolarized cross section m the K^A channel, ^ ^ 

^ r n ^9 r, r -ir/ \9 1 r 11 rr of tlic cross scction in both chauucls. 
measured for 0.65 < Q < 2.5 (GeV/c) , reveals a fall-off 

with respect to the photoproduction point 19,. However, This first open strangeness experiment has also demon- 

the extrapolation of this trend to the photoproduction strated that the Kaos spectrometer is, in connection with 

point with a dipole form results in a too large structure the high-quality continuous wave electron beam of MAMl, 

function ctt fS], which is apparent especially at forward a very effective tool for investigating kaon production off 
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Fig. 1. Specific energy loss in one scintillator wall as a function of momentum after particle identification cuts. Lines for the 
expected energy losses of pions, kaons, and protons are shown. 
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Fig. 2. Coincidence time spectra for the p{e, e' K^) reaction as well as for the dominant p(e, eV^) reaction (insert), after correc- 
tions for the reconstructed flight path and particle identification cuts. Gaussian distributions on top of a constant background 



were fltted to the spectra. The width of the (e',7r+) peak is Atf 



= 1.07ns, the width of the (e',iC+) peak is At 



FWHM = 



0.97 ns. The cut regions for selecting true and random coincidences of kaons are indicated. 
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Fig. 3. Missing mass spectrum in the p{e,e' K^)A, reaction for one data set. The shaded histogram shows the missing 
mass distribution in two averaged {e\K'^) coincidence time sidebands with the appropriate weights and ~10% of coincident 
background. 
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Fig. 4. Differential cross sections of kaon electroproduction scaled to the center of the experimental acceptance at (Q^) = 
0.036 (GeV/c)^, {W) = 1.75 GeV and (e) = 0.4. The MAMI data is compared to variants of the K-Maid model [6] (see the 
text for discussion on the variations) and the Saclay-Lyon model 4 . The model predictions were averaged in between 
0.030-0.045 (GeV/c)^ and in W between 1.74-1.76 GeV. The photoproduction cross sections at = are from the SAPHIR 
experiment at W = 1.757 GeV [16] and from the CLAS experiment at = 1.745-1.755 GeV [SlfTl] . 
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Fig. 5. Differential cross sections of kaon electroproduction scaled to the center of the experimental acceptance at (Q^) = 
0.05 (GeV/c)^ {W) = 1.67 GeV and (e) = 0.54. The data is compared to variants of the K-Maid model (see the text for 
discussion on the variations) and the Saclay-Lyon model [J. The photoproduction cross sections at = are from the SAPHIR 
experiment [16] and from the CLAS experiment at W — 1.665 and 1.675 GeV [Sllllj. 
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Fig. 6. Predictions for the dependence of the kaon electroproduction cross sections on the virtual photon's four-momentum 
at cosS^ = 0.35 compared to the two experimental data points from MAMI for the K'^A and S'' reaction channels. 
References for models and data are the same as for Fig. (4] 
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Fig. 7. Predictions from the original K-Maid model for the dependence of the kaon electroproduction cross sections on Q at 
cos 6^ = 0.35, separated according to Eq. [1] compared to the data from MAMI for the K'^ A reaction channel. A strong rise 
with of the longitudinal, ctl, and the transverse-longitudinal interference, (Jtl, structure functions was predicted by the 
model, especially at VK = 1.67 GeV where the influence of a strong longitudinal coupling of the resonance Pi3(1720) is apparent. 
In contrast, the transverse structure function, ar, is only slowly varying with Q^. References for model and data are the same 
as for Fig. [l] 



